We study the distribution function of the b-quark for inclusive semileptonic B decays in the framework of the parton model. We compare the functional behavior of the fragmentation inspired function and the Gaussian AC-CMM function, and discuss their validity. Using the HQET parameters, we can critically test these models.
I. INTRODUCTION
Studies of inclusive semileptonic decays of B mesons have drawn our interest as a testing ground for the motion of b-quarks inside hadrons. We have the differential decay width for the process B → X q lν
where L µν is the leptonic tensor and the hadronic tensor W µν is defined as
Since the B meson is heavy, the momentum transfer of the decay is larger than the typical energy scale of hadronic binding, ∼ Λ QCD , in most regions of phase space. This enables us to formulate the inclusive semileptonic decay process in an analogous manner to the well-known method of the deep inelastic scattering (DIS). Light-cone dynamics dominates the decay process and the hadronic form factors show the remarkable feature of scaling in the absence of the relevant corrections. So the parton picture should work well, where the modeling of the decay process is possible by summing the partonic decay processes weighted by the distribution of the b-quark momentum inside the B meson. Bareiss and Paschos [1] noticed this point and they formulated the inclusive decays along the lines of analyzing DIS in the parton picture. The general expression for the hadronic tensor in terms of invariants is given by
Following the parton picture of Feynman [2] , we let the probability of finding a b-quark in a B meson carrying a fraction x of the meson momentum in the infinite momentum frame be the distribution function f (x). The decay width is then obtained by incoherently summing the partonic decay widths weighted by f (x) in that frame. Thus we immediately find that
after neglecting the lepton masses where
where m q is the final state quark mass in b → qeν. This approach has been reformulated on the light-cone in Ref. [3] [4] [5] and holds in any frame. The QCD radiative correction of the parton model was studied in Ref. [5] . The idea of the parton model was also applied to the exclusive semileptonic decays of B meson in Ref. [6] .
Recently the heavy quark effective theory (HQET) has been applied to inclusive semileptonic decays of B mesons and brought great progress [7] [8] [9] [10] [11] . With the expansion for the decay rate in inverse power of b-quark mass, a systematic study is possible and one obtains more information about the hadronic matrix elements than before. Perhaps one of the most important results of the HQET analysis for the inclusive decays is the absence of the contribution of the 1/m b correction terms. With the help of the 1/m b expansion, we can relate the moments of the charged lepton energy spectrum to the matrix elements for the operator expansion of the current product.
The 1/m b structure of the inclusive parton model has recently been analyzed in Ref. [12] .
When the parton model approach motivated by DIS is applied to the analysis of B decays, the modeling boils down to introducing the distribution function of Eq. (4), which describe the b-quark's motion inside the B meson. In other words, in the study of the inclusive semileptonic B decays, the problem of which model we choose corresponds to the problem of choice of the distribution function. In general two models are known which predict the lepton energy spectrum of inclusive decays of B meson. Altarelli et al. (ACCMM) [13] treat the b-quark and the spectator quark as quasi-free particles with a Gaussian spectrum of Fermi momentum in the B rest frame. Bareiss and Paschos [1, 14] 
II. THE PARTON MODEL
We first review the parton model approach applied to analyze inclusive semileptonic B meson decays. As described in the previous section, the distribution function f (x) is defined as the probability of finding a b-quark in a B meson carrying a fraction x of the meson momentum in the infinite momentum frame. Thus the decay probability is determined by the momentum of the b-quark and has the value of f (x)dx. And we write the Lorentz invariant decay width as follows
with the relation p b = xp B . Since B mesons are heavy, light-cone dynamics dictates the inclusive semileptonic decay analogous to that of DIS. The universal distribution function of QCD is interpreted as the structure function of the b-quark in the parton model, which determines the distribution of the light-cone projection of the b-quark momentum inside the B meson. We directly derive the triple differential decay rate as
where x ± is defined in the previous section. Jin and Paschos [3] argued that the contribution of f (x − ) is expected to be relatively small in the kinematic region we are interested in, and can be neglected. This is a consequence of the fact that the light-cone distribution function is sharply peaked around
For a more quantitative analysis, we have to introduce a method analogous to the HQET.
In this parton model approach, information on the nonperturbative dynamics inside the B meson is encoded in the distribution function. Therefore, it is crucial to determine precisely the form of the distribution function in this approach. Unfortunately we don't presently know how to calculate the true form of it. However, we have some knowledge about the line shape function of QCD from the help of HQET and the operate product expansion (OPE). Since the mass of the b-quark does not appear in this parton model framework, we have to define it within this framework in order to express the model in terms of the inverse power expansion of the b-quark mass. With properly defined m b , the parton model is well
represented by an 1/m b expansion [12] . We define
where x = dx xf (x). With this definition as the starting point, we can relate the parton model to HQET and compute the effective mass of the light degrees of freedom in a B meson,Λ.
In the HQET framework, the triple differential decay rate for B → X q lν shows scaling behavior [8] [9] [10] :
where
Apart from kinematic factors, the triple differential decay rate is completely determined by one scaling variable x B . The scaling behavior of QCD will be violated by perturbative and nonperturbative (higher twist) corrections. If we take the final state quark to be u-quark and so m q = 0 hereafter, the scaling form is derived from Eq. (6)
where m b is as defined in Eq. (7). From Eqs. (8) and (10), the line shape function
of QCD is related to the distribution function f (x + ) of the parton model after appropriate variable changes
Next we intend to study their functional behavior. Following the notation of Bigi et al. [9, 10] , a general form for the singular expansion of the distribution function is written as
where moments of the equation:
Using the HQET and the OPE, we parametrize the moments with the forward scattering π , defined by Eq. (7), we have a 1 = 0. The second moment is derived as well with the QCD sum rule result of Ref. [16] . As pointed out in the Ref. [12] , however, this function gives rather largerΛ and µ 
Using this new form, we calculateΛ and µ 2 π by varying the input parameters α Q and ǫ Q . Fig. 1 shows the behavior of the distribution function with varying α Q and ǫ Q . The larger the value of α Q , the sharper the functional behavior. And the smaller the value of ǫ Q , the sharper the function and the closer the location of peak to 1. We also show the parameter space of (α Q , ǫ Q ) for allowedΛ and µ Eq. (17), and we may conclude that this functional form is not appropriate for inclusive semileptonic B decays.
III. THE ACCMM MODEL
The ACCMM model [13] considers the B meson as consisting of a b-quark and a spectator quark. The spectator quark is treated as a quasi-free particle having definite mass m sp , and momentum p, while the b-quark is treated as a virtual particle of invariant mass m b
where m B is the B meson mass and p ≡ |p| in the B meson rest frame. The b-quark energy is given by
The distribution of the spectator momentum is usually assumed to be a Gaussian with an
with the normalization ∞ 0 dp p 2 Φ(p) = 1.
After convoluting the distribution of the spectator momentum with the subprocess of the virtual b-quark decay in a frame where its momentum is −p, we can obtain the lepton energy spectrum at the hadronic level. This model has been extensively used in the analysis of the charged lepton energy spectrum in semileptonic decays and numerically reproduce the inclusive spectra well. In the light of QCD, several authors analyzed the model [18] and suggested a way to reproduce the pattern of the QCD description of the heavy quark motion. In this paper we derive the distribution function f (x) in the IMF from the given Gaussian distribution in the B rest frame, Φ(p), in order to study the ACCMM model by comparing with the parton model approach.
Let's choose a coordinate system where the B meson is at the origin in B rest frame.
We boost the B meson along the positive z direction with the velocity β. As is well known, for the B meson at rest we have the boosted energy of B meson as
where γ = 1/ √ 1 − β 2 , and that of b-quark as
where p is the magnitude of the spatial momentum of the b-quark and p z is the z component of p in the B-rest frame. Now we calculate the energy ratio between b-quark and B meson in this moving frame
In the limit of β → 1, γ → ∞, we define the ratio as
which represents the ratio of b-quark energy to B meson energy in the IMF.
Because no specific direction for p is preferred in B meson decay, the value of p z is distributed from −p to +p with equal probability for a fixed value of p. Then the value of x can be from x min (p) to x max (p) with equal weight for a fixed p, where 
is obtained by the conditions x min (p) < x < x max (p). We take the value of p max to be infinity as far as the integration is concerned, because the area of phase space for p > p max is negligible. After the integration over p, we obtain
where ρ = m 
while the Fermi motion parameter p F is related to the width of the distribution f (x), i.e.
the larger the value of p F , the broader the distribution f (x). One can easily check the
The first moment of f (x) is directly related to the average b-quark energy in the B rest frame, 
From Eq. (14), µ 2 π is given as
And using
we get
Finally with the following relations,
and
we obtain
We show the parameter space of (p F , m sp ) for givenΛ and µ 2 π in Fig. 4 . Values of (p F , m sp ) in the shaded region A satisfy the condition of Eq. (17) given in the Ref. [16] , while values in the region B satisfy the condition of Eq. (17) given in the Ref. [17] . We can determine the model parameters p F and m sp , once we know the correct value of the HQET parameter . This agreement is originated from the fact that the ACCMM model treats the b-quark as a quasi-free particle at the decay rate level by classical treatment as we do not consider the perturbative QCD corrections in this paper.
Even though we cannot calculate the distribution function from QCD completely, some model independent information can be obtained with the help the HQET. When we expand this function with infinite number of moments, we cannot know all the moments while the HQET give some informations for a few moments. We note that since this is an singular expansion, we cannot construct a well-behaved function with only a few moments. In spite of that, the information is very useful for giving some constraints on phenomenological models.
Investigating the distribution function, two moments of the function, corresponding to the mean value and the width, can be related to two QCD parameters,Λ (or m b ) and µ Recently, it has been an important subject to obtain an accurate value of the kinetic energy, µ Note also that the functional behavior of Refs. [12] and [13] is different from each other while both functions satisfy the constraints. Even though two moments, a 1 , a 2 , which correspond to the mean values and the widths of the distribution functions, agree with each other, their full behaviors do not necessarily agree. For the two models studied in this paper, we find that the modified Peterson's function in Fig. 1 has a rather longer tail than the distribution function derived from the Gaussian function of the Fermi momentum defined in the ACCMM model in Fig. 3 . We cannot say which model is better, at least at this stage. Both models can give proper values for the b-quark mass and the width of the charged lepton energy spectrum, both theoretically and phenomenologically. For further tests, we must fit them to the experimental data more precisely after more data is accumulated. For this purpose the photon energy spectrum of the inclusive radiative decay B → X s γ would be more useful. The photon energy spectrum of this process is known to be more sensitive to the behavior of the distribution function than the charged lepton energy spectrum of the inclusive semileptonic decays [12, 27] , since the charged lepton energy spectrum is contaminated by kinematics. 
